In the last decade, it has become increasingly clear that necrotizing enterocolitis (NEC) is neither a uniform nor a well-defined disease entity. There are many factors that are forcing this unwelcome realization upon the neonatal and pediatric surgery communities. In the course of this manuscript we will review the history and the physical findings of the disparate etiologies of acquired neonatal intestinal diseases (ANIDs), some which do lead to the common final pathology of NEC and some which do not. New guidelines for distinguishing between ANIDs will also be suggested. (2007) Keywords: necrotizing enterocolitis; spontaneous intestinal perforation; neonate; intestine; premature; diagnosis A brief history of clinical NEC research in the presurfactant era During the late 1970s, necrotizing enterocolitis (NEC) was most commonly seen in preterm infants >30 weeks of gestation.
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An association between excessive fluid intake and the increasing incidence of NEC was noted. Although the principles of conservative fluid management have been ingrained into the practice of neonatology across the globe, it is doubtful that most neonatal practitioners realize that this same study established the assignment used to characterize NEC: Bell's staging.
This seminal paper by Bell et al. used a combination of clinical and radiographic diagnostic bedside criteria which could be used to gauge the severity of NEC. The field of neonatology and pediatric surgery have used it ever since, with only one modification: to distinguish between perforated and non-perforated cases (Table 1) . 2 Bell's criteria evolved beyond just a staging system to become central to the reporting and capture of NEC in clinical studies and prospective databases. In 1979 and 1986, Dr Robert Kliegman published a pair of well-thought out reviews in Pediatric Clinics of North America that honed in on the importance of Bell's staging system. In the first he said, 'There is a broad spectrum of presentations and severity of NEC. Because it may have several different causes, NEC may be a syndrome rather than a specific disease.' 3 In the second he said, 'Although the etiology is unknown NEC has many similarities to an infectious disease. Proper staging helps improve reporting and the management of NEC.' 4 Even in the pre-surfactant and antenatal steroid era, when the population of infants with NEC was quite homogeneous in gestation (the vast majority being preterm but X30 weeks gestation), some thought NEC to be a spectra of diseases rather than a distinct disease entity. Bell's criteria allowed this heterogeneity to be collected under one umbrella by defining the stages of clinical interest and measuring the effect of an intervention upon the change in incidence by stage. Bell's staging became the tool by which progress was made. In addition to the benefits seen from conservative fluid management, another early example of its success was oral antibiotic prophylaxis. 5 Although these strategies would prove to be problematic because of the preferential growth of resistant organisms, Bell's criteria allowed researchers to demonstrate that the strategies were successful at preventing NEC. 6 These successes were proof that the umbrella approach worked, and that the framework provided by Bell's criteria provided a systematic way to approach a heterogeneous disease presentation.
The effects of surfactant on clinical NEC research (emergence of modern preterm NEC) With the advent of surfactant, the landscape of NEC changed dramatically. Increased viability at lower gestational ages increased the number of infants susceptible to bacterial overgrowth, which in turn caused more ileus and created more opportunities for compromise of intestinal host defenses. Over the last 30 years, three additional tools were added to our arsenal of NEC prevention, again in large part thanks to Bell's criteria. The first was breast milk, which has been repeatedly associated with a decreased incidence and severity of NEC. 7, 8 The second, although still controversial in terms of how best to implement this practice, was a trophic phase of feeding for the very smallest delivery room survivors. 9 The third may soon be probiotics, which have proven efficacious in the vast majority of clinical trials. [10] [11] [12] This last therapy is still awaiting approval from the United States Food and Drug Administration for a large multicenter randomized trial within the United States for overall safety as a prophylactic agent.
All of the advances we have mentioned thus far have been possible because of the clever system created by Bell and colleagues. 'Why?' one might ask, would we suggest that these criteria need modification? The answer lies in another acquired neonatal intestinal disease (ANID) that has emerged in preterm infants: a disease that began to contaminate the surgical NEC cohorts in the 1990s.
The history of spontaneous intestinal perforation
Although there were a dozen or so preterm case reports of spontaneous intestinal perforation (SIP) in the literature, it was Aschner et al.'s 13 paper in 1988 that heralded the coming epidemic in neonatology by linking its prevalence to a case series of six very low birth weight (VLBW) infants. It was 10 years later, when surfactant was universally available and researchers began exploring the use of early postnatal dexamethasone as means to attenuate chronic lung disease, that SIP began to move from an infrequent complication to a regular part of the differential for every extremely low-birth-weight infant. Gordon et al. 14 were the first to demonstrate the deleterious relationship between early postnatal steroids and SIP in a retrospective cohort. Since this initial report, many controlled trials have been stopped or altered because of an increased rate of SIP in neonates being treated with steroids. [15] [16] [17] We now know that this perturbation is accentuated when steroids are given concomitantly with early indomethacin, making this the first clear example of harmful drug synergy in neonatology. 18, 19 What emerged from these papers was a clinical picture that was distinct from NEC.
The histopathology of SIP is also different from NEC. 13, 20 The mucosa is robust, not necrotic. There is no sign of ischemia, but there is a thinned submucosa with a focal absence or non-septic necrosis of the muscularis (the tissue layer with the greatest strength) at the site of perforation. These findings are contrary to the histology seen with NEC. Perhaps the single most important distinguishing factor is that pneumatosis is absent in SIP. Clinical data indicate that the demographic elements that define SIP patients are also different from those with surgical NEC. 21, 22 Infants with surgical NEC are born at an older gestation, have a larger birth weight, are less likely to be Caucasian and present with their diagnoses significantly later in life than infants with SIP. Conversely, infants with SIP are more likely to have received surfactant, more likely to have a patent ductus arteriosus (PDA) and to receive treatment for it and more likely to require vasopressors. All of these are expected complications of extreme prematurity. Both NEC and SIP patients suffer from significantly greater mortality than the neonates of similar gestational age who do not have either NEC or SIP; however, surgical NEC patients have a significantly greater mortality when compared to SIP patients. When taken together, these findings paint two very distinct clinical pictures and strongly support the hypothesis that NEC and SIP are different diseases. This is despite the fact that they both occur with similar prevalence in low-birth weight infants. 18, 23 There is no rational reason to continue Bell's umbrella strategy of diagnostic inclusion when the etiology, histopathology, clinical demographics and outcomes between SIP and NEC are consistently different.
Despite these concerns, an umbrella definition persists in many recently published multicenter trials. [24] [25] [26] In other databases, there has been reluctance to utilize an operational definition of SIP, thereby potentially biasing data towards a higher incidence of NEC with perforation. For example, the Vermont Oxford Network database, 2006 Manual Version 10.2, requires SIP to be surgically visualized or found on autopsy before the diagnosis can be entered; despite the fact that many SIP cases are managed by abdominal drain and survive. Other national databases have included a more liberal definition of SIP. The National Institute of Child Health and Human Development Neonatal Network (NICHD) has performed the only prospective trial to ever investigate interventions for SIP using an operational, bedside diagnosis and then subsequently re-evaluated the diagnosis upon surgery in those patients who underwent laparotomy. 27, 28 This is the most comprehensive attempt at prospectively diagnosing ANID ever done (with a pre-and post-operative correlation of 95% overall). The general database within the NICHD has recorded SIP as an intestinal perforation without evidence of pneumatosis since 2002. However, definitions of SIP between individual prospective trials vary as non-network centers that do not use this definition are often contracted to increase the recruitment capacity in specific trials. Thus there is a patchwork of data for SIP within NICHD clinical trials. The Pediatrix administrative database has been modified over the last decade to capture SIP and has demonstrated that surgical NEC and SIP have distinct demographics, risk factors and incidence ( Figure 1) . 18, [29] [30] [31] Moreover, these data confirmed that timing of diagnosis can be used to distinguish SIP from NEC.
A different way to quantitate the importance of predefined bedside diagnostic categories is to show how correctly identifying an ANID allows for improved understanding of its pathophysiology. In the case of SIP, a number needed to harm (NNH) from early postnatal steroids can be calculated. When Gordon et al.
14 first did this in 2001, the NNH was 51 using all relevant prospective trials. This included a number of early trials that did not have SIP defined as a secondary outcome before the study started, but had it reported as an adverse outcome. [32] [33] [34] [35] [36] [37] A lack of a priori definition can lead to bias and under-reporting for the disease in question. From these data some individuals suggested that the prevalence of SIP was so small that additional trials of early postnatal steroids were warranted for risk versus benefit analyses. 38 For the purpose of this paper, the NNH was calculated comparing all studies to date that used an a priori definition, 33,39 -43 versus those without, 32, [34] [35] [36] [37] [44] [45] [46] to illustrate the disturbing impact of this reporting bias ( Figure 2 ). With an a priori definition, for every 16 infants receiving postnatal steroids, one developed SIP. Thus, defining this ANID proved crucial for quantifying one of its risk factors.
Other ANIDs that have emerged in neonatology since Bell's criteria Although SIP has emerged as the most obvious contrast to surgical NEC, there are other variants of NEC and NEC-like gastrointestinal diseases that have been well documented in the neonatal population. This is not to say that the outcomes in these cohorts are dramatically different from appropriately-matched gestational . Surgical NEC and SIP were more likely to be found in the youngest EGAs, while medical NEC was more evenly distributed in all age groups less than 33 weeks EGA. The specific definitions for each ANID were as follows: the reported occurrence of NEC (medically treated, requiring surgical intervention and that associated with a report of intestinal perforation) by EGA based on data reported to the clinical data warehouse at Pediatrix Medical Group. The data for this graph are based on four previous publications 18,29 -31 and has been updated to include data collected through 1 January 2007. In our database, a diagnosis of NEC is recorded if the neonate has one or more of the following clinical signs: bilious, gastric aspirate or emesis, abdominal distention or occult or gross blood in stool without evidence of a rectal fissure; and has one or more of the following radiographic findings: pneumatosis intestinalis, hepatobiliary gas or pneumoperitoneum. Selection of either NEC-medical or NEC-surgical may be chosen at data entry. We searched for all reports of NEC, 'perforated bowel', 'ileal perforation' intestinal perforation and/or 'isolated perforation of bowel.' We did not include the diagnoses of suspected NEC or NEC ruled out. We grouped neonates with a report of intestinal perforation and no report of NEC or major anomaly into a single group we have labeled as spontaneous (no obvious cause) intestinal perforation. 18 ANID, acquired neonatal intestinal disease; NEC, necrotizing enterocolitis; SIP, spontaneous intestinal perforation. Figure 2 Number needed to harm (NNH) with early postnatal steroid exposure in ELBW infants to produce one case of SIP. This figure is based on a systematic review of all available prospective trials studying early postnatal steroids (either dexamethasone or hydrocortisone). Studies were divided according to whether or not they had predefined definitions of SIP as a secondary outcome (a priori definition) 33,39 -43 or reported it as an adverse outcome only (no a priori definition).
32,34-37,44-46 ELBW, extremely low birth weight; SIP, spontaneous intestinal perforation.
age controls with NEC (although in some cases the authors suspect they might be). It is clear that the etiologies for their disease processes are different from that of modern preterm NEC. In preterm NEC there is a common constellation that encompasses feeding, bacterial overgrowth, ileus and compromise of innate intestinal defenses. Note, in preterm NEC, ischemia is not a pre-condition but rather an intermediate and local phenomenon that occurs concomitant with early inflammation in the villi. 47 This is different from earlier definitions of the NEC 'triad', within which ischemia (along with prematurity and feeding) was one of the primary pre-conditions. There can be no doubt that there is a subset of NEC patients whose etiology is triggered by vascular ischemia, but it is an uncommon event in the preterm infant.
NEC in the fullterm neonate (term NEC)
In the mid-and late 1980s, several independent groups of surgeons recognized a tendency for early onset of NEC in term and near-term infants. 48, 49 In some cases, NEC was associated with hypoxic/ischemic events at birth; other cases were idiopathic and coincided with the timing of full enteral feeds. Additionally, other groups began reporting an increased risk of NEC in patients with complex congenital heart disease. [50] [51] [52] In many of these cases, the common pathological finding associated with NEC was a propensity of disease located at the ileocecal valve and the ascending colon, suggestive of an ischemic pathophysiology.
The most recent comprehensive examination of term NEC identified four pertinent associations for term NEC. 53 In this study, the risk factors included congenital heart disease, in utero growth restriction, polycythemia and perinatal hypoxic-ischemic events. Of particular interest was the observation that term NEC was associated with formula consumption and absent in exclusively breast-fed infants who carried these same risk factors. The primary difference between each of these cohorts and preterm NEC is gestational age, timing of presentation and lack of an ileus in the early phase of disease (because of the distal locale of disease). Most term infants have presentations that coincide with reaching full feeds (which are advanced relatively rapidly compared to preterm infants because of their maturity). Bloody stools are a hallmark of this end of the NEC spectrum because of the lack of ileus coupled with the more distal focus of disease.
Viral enteritis of infancy
One of the primary tenets of medical NEC is that it should be managed as an infectious disease, and implicit in this is the assumption that the infectious agent(s) is bacterial. However, numerous case series have documented outbreaks of enterovirus and rotavirus in neonatal intensive care units (NICUs) that present with NEC or NEC-like symptoms. The number of reports of viral pathogens associated with NEC has tripled in the last 5 years (based on a PubMed search, data not shown). Most recently, Sharma et al. 54 demonstrated that rotavirus by itself may constitute as much as 30% of all 'NEC' cases in a single center cohort. Viral enteritis may be less fatal, but can still be relatively morbid. In the Sharma et al. cohort, 34% of rotavirus-positive viral enteritis cases required surgical intervention and 14% died. In extremely low birth weight (ELBW) infants, a common effect of viral enteritis is compromised, mucosal barrier function, resulting in secondary sepsis from enteric organisms. Clinical differentiation of viral-associated NEC is difficult. Blood cultures of Gram-negative organisms often are able to identify an organism before concomitant stool cultures become positive for rotavirus or enterovirus. This may lead to misidentification of a potential cause of NEC (bacteremia secondary to a primary viral infection). Patients with viral enteritis present with copious bloody stools (they do not initially present with ileus), and left-sided, ascending colonic pneumatosis that may or may not progress with the severity of disease. In the case reports of viral-associated NEC, timing of disease when compared to feeding status is more variable than preterm NEC. Abdominal distension, when it arises, is less likely from an ileus, and more likely to develop secondary to third spacing of fluid. This is not a classic presentation for preterm NEC and yet these patients do require surgery, have necrotic bowel and have very similar laboratory data. [55] [56] [57] [58] Outcomes for viral enteritis in ELBW and VLBW neonates are surprisingly better than with preterm NEC with regard to the need for surgery and mortality, making it imperative that we differentiate between the two diseases in our prospective trials. 59, 60 How to accomplish this is open to debate. There are two possible non-exclusive answers: the first is to create an operational or bedside definition for viral enteritis (because stool cultures are not reliable) that improves our ability to exclude it from preterm NEC, the second is to utilize promising statistical software being pioneered within the NICHD to exclude or re-diagnose case clusters of NEC-like illness within individual units during ongoing trials. 61 At the very least, investigators should be attempting to identify clustered cases within NEC trials so that post hoc analyses of neurodevelopmental outcomes can determine if this ANID subtype alters the prognosis.
Cow's milk protein allergy Probably the least concerning masquerader for NEC is cow's milk protein allergy. Although neonates with this disease can develop pneumatosis, bloody stools and necrotic bowel requiring surgical resection, this degree of severity is rare.
62 It is also rare that such symptoms develop before 6 weeks of life, making it extremely rare in infants weighing less than 2 kg. Symptoms can occur with cow's milk formulas, soy-based formulas (soy protein allergyextremely rare) and on breast milk fortified with cow's milk-based fortifiers. Copious and bloody stools, abdominal distention (from flatus and third spacing) and irritability are the most common presenting symptoms of this disease. From a practical standpoint, this disease entity is not affecting our clinical trials.
How is Bell's broken?
In light of the current high survival of infants born at low gestational ages, improvements in medical NEC management and documentation of other ANIDs, most of Bell's criteria have now become problematic. Thus, the current definitions used in Bell's criteria warrant rethinking. One option would be to attempt to modify the criteria as done previously. 2 The widespread use and acceptance of the staging are important arguments for maintaining the status quo. The second option (proposed herein) is to undertake new bedside and epidemiologic definitions that incorporate emerging trends in neonatology and pediatric surgery since Bell's seminal work.
Bell's stage I Temperature instability, apnea, bradycardia, gastric residuals, mild abdominal distention, normal motility or perhaps mild ileus, with occult positive stools. Within the ELBW and VLBW infant, Bell's stage I is seen with any form of systemic illness or bacteremia. It is not specific for an ANID, particularly the occult positive stool, which can remain positive for weeks until meconium to milk stool transition is completed. Clinician investigators have long ignored Bell's stage I in data collection because of its lack of specificity.
Bell's stage IIA Bell's stage I plus: absent bowel sounds, grossly bloody stools, with ileus, dilated loops and focal pneumatosis. This remains a somewhat informative stage for the diagnosis of medical NEC; however, Bell's stage IIA is less specific in the post-surfactant era. This point is well illustrated by Sharma et al.'s data 63 ( Figure 3 ), which demonstrate that infants under 30 weeks gestation uncommonly have bloody stools as part of their presentation with NEC. This is likely because modern preterm NEC develops proximal to the ileocecal valve and thus when ileus occurs, bloody stools fail to transit through the colon.
Bell's stage IIB Mild acidosis, thrombocytopenia, abdominal wall edema with tenderness and extensive pneumatosis. This stage remains accurate and useful.
Bell's stage IIIA Mixed and profound acidosis, generally requiring ventilator support, hypotension secondary to abdominal third spacing, oliguria, thrombocytopenia and disseminated intravascular coagulopathy, prominent loops of fixed bowel, but without free air. This stage signifies a patient with stage IIB disease that is rapidly deteriorating. However, it is less clear what the physiologic significance of free air is with regard to severity of illness, since the most likely origin of free air is a disparity between a focus of extremely sick bowel (where the perforation occurs) and less sick bowel (where motility is still sufficient to force luminal contents forward). Many infants with near-total intestinal involvement have died from NEC without developing a perforation. The authors are also unaware of any evidence that stage IIIA is less severe than stage IIIB in a large study.
Bell's stage IIIB Shock/vascular and vital sign instability, coagulopathy, fixed loops with pneumatosis and perforation/ pneumoperitoneum. Herein lies the most obvious difficulty with Bell's criteria. Using what we consider to be an inappropriate application of this stage frequently results in the diagnosis of SIP as NEC because of a tendency to focus on the last two factors (perforation and pneumoperitoneum) to the exclusion of all others. 59, 60 To our mind, this is not an accurate use of Bell's criteria, but it is such a sufficiently common interpretation that it makes this stage untenable.
What guidelines should we use to discern between ANIDs in infants <1250 g? ANID in VLBW infants can be divided into three essential categories: (1) feeding intolerance of prematurity (FIP); (2) medical ANIDs; preterm NEC and viral enteritis of infancy (VEI); and (3) surgical ANIDs consisting of SIP, preterm NEC and VEI. While the latter two categories have already been described by Bell's criteria, FIP has not been (summarized in Table 2 ).
Feeding intolerance of prematurity
The increased survival of younger gestational infants has resulted in the necessity to feed infants who are often developmentally a second semester fetus ex utero. This challenge results in an immature distal intestine with uncoordinated peristalsis. The resulting intolerance is not a pathologic ileus, but rather a gestationally appropriate dysmotility. Nonetheless, this physiology exacerbates the risk of preterm NEC. As enteral feedings are Figure 3 Probability curves for presenting with intramural gas, bloody stools or portal venous gas when diagnosed with NEC versus gestational age. Reproduced with permission from Sharma et al. 63 demonstrating that bloody stools are an uncommon finding in preterm NEC compared to intramural gas and compared to bloody stools in older infants who develop NEC. NEC, necrotizing enterocolitis. introduced, the intestinal mucosa must adapt to increased absorption of substrate as the neural plexus of the distal intestine attempts to adapt to bolus feeds. If this adaptation does not proceed, stasis of undigested food occurs, such that large boluses of enteric flora are situated in the mid-to-distal small intestine -where the innate host defenses are weakest. Neonates with FIP are often assigned a diagnosis of suspected NEC or rule out NEC, which further confuses the reporting of NEC to national data sets.
Signs and symptoms associated with FIP are (1) increased aspirates; (2) mild abdominal distention or fullness; (3) failure to stool; and (4) increased apnea. This scenario of feeding intolerance increases the risk of bacterial invasion, focal pneumatosis and pathologic ileus which eventually leads to mucosal and mural necrosis. FIP in and of itself is not a disease, but a normal reflection of premature physiology (much like gastroesophageal reflux in newborns, which is not a disease, but a reflection of decreased resting tone in the lower esophageal sphincter). Failing to manage FIP (through trophic/non-nutritive feeding, cautious advancement of feeds, glycerin for failure to stool, and so on) can lead to the 'Perfect Storm', which results in NEC pathology.
Preterm NEC
Our criteria for medical preterm NEC are similar to Bell's stage IIA but excludes some of the less-specific criteria: (1) increased abdominal distention; (2) pneumatosis on X-ray (generally focal); (3) increased aspirates coincident with ileus; history of poor or no stooling; (4) mild acidosis and disseminated coagulopathy, but these aspects should not be overwhelming (unless the infant is demonstrating a presentation of catastrophic NEC); (5) bloody stools are uncommon in preterm NEC and can be limited in their volume by the onset of ileus; (6) there may be increased apnea; and (7) the diagnosis of preterm NEC is unlikely before reaching 80 ml/kg/day of enteric feeding volumes and improbable in the absence of pneumatosis. NEC is also less likely after having reached >120 ml/kg/day and establishing a successful stooling pattern (at least daily).
A note should be made about infants who present with catastrophic NEC (sometimes called NEC totalis). This is a subset of infants who, almost at the onset of NEC symptoms, become deathly ill with systemic sepsis. We do not know why some infants are so precipitously vulnerable, but one possibility may be a genetic susceptibility. Another possibility is that the triggering event for their NEC totalis is actually a virus, possibly occurring at the moment when their bowel is the most vulnerable (approaching full feeds).
Viral enteritis of infancy
As mentioned previously, there are currently no multicenter studies that provide a definitive measure of the prevalence of viral enteritis in the VLBW population. Viral enteritis is by definition iatrogenic in this population and because neonatal care is clustered, a nurse may unknowingly assist fecal-oral transmission in a highly efficient manner once an enteral virus is introduced into a NICU. Stool cultures are often not obtained and their ability to reliably Abbreviations: FIP, feeding intolerance of prematurity; NEC, necrotizing enterocolitis; SIP, spontaneous intestinal perforation; VEI, viral enteritis of infancy. a Occult SIP is most common in infants pgestational age 24 weeks and is typically diagnosed after 2 weeks of life but before 4 weeks, following a prolonged period of a gasless abdomen on X-ray. Diagnosis is most commonly proven by visualization of particulate fluid with abdominal ultrasound (usually a very late finding associated with a systemically ill infant suffering from severe peritonitis) or by abdominal paracentesis following clinical suspicion (facilitates earlier diagnosis but is more invasive).
detect viral pathogens when they are obtained is suboptimal. Bedside criteria, in addition to a multicenter epidemiologic study, are needed to better approximate the incidence of viral enteritis as a confounder in the diagnosis of preterm NEC. We suggest the following criteria.
(1) Viral enteritis is not associated with ileus during the early phase of disease, but is associated with bloody stools (secondary to the enteritis), thus multiple bloody stools are a hallmark of viral enteritis; 54, 55, 63, 66 (2) viral enteritis is associated with profound abdominal distention secondary to third spacing but pneumatosis is variable; 54, 66 (3) septicemia, urosepsis, even meningitis are all reasonably common findings with viral enteritis in the relatively immunocompromised VLBW and ELBW infant. Positive blood cultures growing normal flora are not evidence of an etiology of NEC, but rather are secondary to a breakdown of the mucosal barrier and secondary invasion by normal flora (although these infections must be treated and are the most likely reason for mortality); (4) the presence of disease clusters within a single unit increases the probability that the diagnosis is viral enteritis; and (5) it is likely that sentinel cases who acquire viral enteritis will be on >120 ml/kg/day enteral feeds (rather than working up) because to generate fecal-oral transmission, nurses must be working with infants who have established regular stooling patterns. Research is needed to determine if lymphocytosis can be reliably detected before changes in neutrophil counts in this form of ANID.
SIP
Recent advances in the understanding of SIP have improved our ability to distinguish SIP from NEC in retrospective cohorts and should translate to improved diagnosis at the bedside: (1) SIP is not associated with pneumatosis. 67 (2) SIP is most often associated with spontaneous pneumoperitoneum in the first 2 weeks of life. 29 (3) Occult SIP occurs most often in infants pgestational age of 24 weeks and is diagnosed between weeks 2 and 4, following a prolonged period of gasless abdomen on X-ray. 67 It may be discovered via a late onset pneumoperitoneum (usually after prolonged antibiotic coverage) or by clinical suspicion necessitating abdominal ultrasound or paracentesis demonstrating particulate fluid in the peritoneum. (4) SIP usually occurs before enteral feeding advances reach 40 ml/kg/day and often before enteral feeds are even started. (5) Although not a required criteria, SIP is commonly associated with early indomethacin exposure as well as early steroid exposure or documentation of high endogenous cortisol levels.
17,29 (6) SIP is rare in infants >1000 g and when it occurs in this weight range, it occurs most often in the first 3 days of life.
29 (7) The ileum is the most common site of perforation.
What guidelines should we use to discern between ANIDs in infants >1250 g? (Summarized in Table 3 )
Ischemic NEC Four groups of patients contribute to this category: those with congenital heart disease, those with polycythemia, those who are growth restricted in utero and those with a perinatal hypoxic-ischemic event. Criteria include: (1) increased abdominal distention; (2) pneumatosis on X-ray (generally focal); (3) bloody stools; (4) mild acidosis and disseminated coagulopathy (these aspects should not be overwhelming and are generally associated with more extensive involvement and need for surgical exploration); and (5) onset is most common with rapid advances of enteral feeds.
Viral enteritis of infancy
An enteral virus can infect all gestational age categories, but the severity of disease is less in larger and older gestation infants. In particular, this may be true in term infants who benefit from passive immunity through placental transfer of IgG. Diagnostic criteria include: (1) frequent and sometimes bloody stools, although constipation in term infants who have mild cases may also be seen; (2) abdominal distention, either from third spacing or constipation; (3) secondary septicemia from enteric flora, potentially more common in infants under 2.5 kg; and (4) clusters of incongruent but temporally related symptoms should prompt stool culturing in all affected patients. We find this ANID the most problematic to diagnose because compared to its <1250 g counterpart, viral enteritis in the >1250 g infant can present with a wider spectrum of clinical variation.
Cow's milk protein allergy
Although overall this disease is rare it can be confused with NEC, particularly in this weight category if the infant is late preterm and still in the NICU because of some other illness (NEC is much more common than cow's milk protein allergy in the NICU). Diagnostic criteria are: (1) cow's milk product exposure; (2) abdominal distention; (3) increased stooling, progressing to bloody stools; (4) pneumatosis can occur in severe cases; (5) resolution occurs with bowel rest and/or switching to a non-cow's milk or elemental formula; and (6) almost never occurs before 6 weeks of life.
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SIP SIP does occur in older infants but it is much less common than in infants <1000 g. 29 Diagnostic criteria are subtly different: (1) SIP is not associated with pneumatosis; (2) SIP is always associated with spontaneous pneumoperitoneum and generally presents in the first 3 days of life; 29 (3) SIP is independent of feeding; (4) the infant appears well at the time of diagnosis; (5) the ileum is the most common site of perforation; and (6) SIP in older gestation infants responds well to primary surgical reanastamosis.
What laboratory data should trump the bedside diagnosis? Stool pathogens, particularly enteral viruses should strongly influence the diagnosis of ANID and should be used to revise bedside decisions when appropriate. In general, stool cultures are typically not sent in an NEC work-up and this is a trend that needs to be reversed. Blood pathogens must be taken in context with the bedside data because the reality is that gastroenteric illnesses compromise host defenses and allow enteric flora to act as systemic pathogens. For example, enterobacterium in the blood is highly consistent with NEC if the patient has had pharmacologic inhibition of stomach acid production and has pneumatosis on X-rays. 68 Conversely, if 3 days later, the same 900 g infant grows out rotavirus from bloody stools that were collected at the presentation of illness, then the etiology is much more likely to be from VEI. We would add that such an infant is likely to be quite ill and, from a clinical perspective, management will be much the same regardless of the actual diagnosis. Most importantly, investigators need to begin discerning the true etiologies of NEC so that practitioners are able to better individualize therapeutic interventions for each ANID.
Pathology reports are more problematic. In large part this is because the quality of the specimen sent, the reliability between pathologists with regard to neonatal-specific diseases, and the variability within the diseased intestine itself can each result in considerable descriptive variation. Pathology reports should not reverse the bedside diagnosis unless they are reviewed within the context of the bedside data. For example, if a pathologist finds histology of focal necrosis of the muscularis with a robust mucosa at a site of large and ulcerated perforation in the distal jejunum, in a case described by the bedside clinician as preterm NEC; a good look at the bedside data may show a long history of feeding intolerance and gradually worsening ileus in a child on chronic antibiotics -a picture of occult SIP. Without a clear episode of pneumatosis on X-rays, a revision to SIP would be appropriate. Likewise, a bubble or two of localized pneumatosis surrounding an ileal perforation in a child that smoldered for weeks with a blue belly should not reverse the clinical diagnosis of SIP to one of NEC in our opinion.
Our point in discussing the latitude for post-clinical revision of the diagnosis is to demonstrate that the task is neither simple nor straight forward. Rather, a logical system of diagnostics must attempt to integrate both the bedside and the laboratory data. This is particularly true for positive viral cultures that may come back a week after a diagnosis of NEC has been entered. One means of dealing with post-clinical revision of the diagnosis in prospective trials is to set up a committee specifically founded for this task, or have extensive a priori operational definitions. In this manner, a best diagnostic fit can be advocated before the collection of data. Such arrangements must be made now for large national databases so that future investigators will be able to investigate differences in outcomes between ANIDs.
How do we move forward?
Clinical studies investigating ANIDs in neonates p1250 g In discarding the umbrella diagnosis of NEC and using operational definitions of ANIDs, clinicians and investigators must partner together to research ANID epidemiology. While all ANIDs in this weight category can still be grouped together for general outcomes (and this will be necessary to allow individual centers to achieve statistical significance in their prospective ANID studies), there is much to be gained by fostering a universal understanding of the differences between individual ANIDs (which will be sufficiently powered in multicenter trials and meta-analyses). For example, there is reason to believe that SIP survivors may be capable of better neurodevelopmental outcomes than survivors of surgical preterm NEC. 27 Likewise, VEI is largely unexplored and remains to be rigorously investigated in this weight category. Investigators will fully delineate the differences in ANIDs if we educate and empower our bedside clinicians to make these diagnostic distinctions. It may not be a perfect system, but our diagnostic framework provides an important starting point from which to navigate towards improved ANID diagnosis. Most importantly, the authors welcome debate and refinement of these ideas. In the interim awaiting that discourse, studies that use the proposed guidelines to delineate between ANIDs within the p1250 weight range will prove to be more valuable than those who persist with the NEC umbrella default.
Clinical studies investigating ANIDs in neonates >1250 g Little should change in this category, because the most prevalent surgical disease entity remains the same; ischemic NEC and its four associated preconditions. In many ways, these are the same types of diseases that Bell and his colleagues were first working with almost 30 years ago and much is already known about how to reduce their risk. Although these diseases are often thought of as disparate entities, our classification forges a common etiology, which might make them of interest for prospective trials (by providing an intellectual framework for grouping them into a common cohort). Studies of VEI and SIP in this weight range will likely continue to be limited to retrospective cohort and case study reports, due to the limitations in prevalence for SIP and the challenges in capturing outbreak clusters for VEI.
Conclusion
Current methodology in neonatal research permits heterogeneous intestinal diseases to be tallied under an umbrella diagnosis of NEC. This practice skews morbidity and mortality data and fails to capitalize on real differences between acquired diseases of the neonatal intestine. This paper proposes an alternate system of diagnosis in which medical and surgical forms of acquired intestinal disease are tallied at the bedside and revised only if pathology or culture data clearly contradicts that diagnosis. This system should improve our ability to understand, manage and prevent these diseases.
